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ABSTRACT 
 

The mechanical behavior of a solid piece of wood is closely related to its inherent heterogeneous 
microstructure, which is altered in case of fungal decay. Consequently, the mechanical performance 
of wood is changed. The aim of the presented project is to enhance the current understanding of the 
effects of fungal decay, on the one hand on the wood microstructure and, on the other hand, on the 
mechanical material behavior of wood, particularly, on the cellular level. For this purpose, 
experimental investigations are carried out, which will subsequently constitute the basis for the 
derivation of mathematical relations by means of micromechanical modeling.  
 
Scots pine (Pinus sylvestris) sapwood samples, degraded by two different types of fungi, one causing 
white rot (Trametes versicolor) and one causing brown rot (Gloephyllum trabeum), are investigated 
for this purpose. In addition to a set of undegraded reference samples, three stages of degradation for 
both decay types, up to a mass loss of 10%, are considered. Depending on the degradation strategy of 
the specific fungus, different wood cell wall components are highly degraded while other components 
remain rather unaffected.  
 
The experimental program, with specification of the methods and the sample preparation, is 
illustrated in Figure 1. A previous study on these samples showed effects of both types of fungal 
degradation on mechanical properties on the macroscale [1]. Uniaxial quasistatic tensile tests 
(resulting in elastic modulus in longitudinal direction) and, after the initial samples were cut to cubes 
of approx. 20 mm side length, ultrasonic tests (US, resulting in elastic stiffnesses in the three principal 
material directions L, R and T) were performed (see Figure 1a). Within this project, we investigate 
mechanical properties of the softwood tracheids by means of nanoindentation (NI). Samples for NI 
(cubes of approx. 1-2 mm side length) are cut from specified growth rings, including earlywood (EW) 
and latewood (LW) (see Figure 1b,c), on which also wood cell dimensions and shapes will be 
determined. The chemical composition and the microstructural properties will be assessed by means 
of Fourier transform (near) infrared (FT-(N)IR) spectroscopy and FT-(N)IR microscopy techniques, 
wet chemical analyses and light microscopy.  FT-(N)IR analyses and the determination of microfibril 
angles (MFA) of the S2 cell wall layers will be done on thin sections (30–200 μm), cut in the L-T-
plane (see Figure 1d,e). Thus, these tests can be performed on the same growth rings, where the NI 
samples have been cut from. This allows relating changes of mechanical properties of the wood cell 
walls, obtained in NI tests, to changes in the chemical composition and microstructural properties, 
obtained in FT-(N)IR analyses and light microscopy. 
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Figure 1: Plan of experiments within this project; *) note that FT-(N)IR, MFA, NI tests as well as determination 
of wood cell geometry will be performed within the same growth ring 

 
Finally, we aim at predicting the macroscopic stiffness of deteriorated wood by means of a multiscale 
micromechanical model [2,3]. The obtained chemical composition and the microstructural properties 
will serve as input parameters for the model. A model for clear wood stiffness serves as basis, for 
which modifications have already been implemented to represent the microstructure of deteriorated 
wood [1]. The intended experiments offer the opportunity to further extend and adjust the 
micromechanical model, especially at hierarchical levels below the cell wall level. There, a more 
detailed description of the cellulose fibril arrangement and the distribution of hemicelluloses between 
the cellulose fibrils could be considered. The model predictions for anisotropic wood stiffness, with 
growth ring-specific input parameters (e.g. MFA, FT-(N)IR measurements), will be validated at the 
cell wall level with growth ring-specific NI results [4]. Furthermore, the model will also be validated, 
using the existing results of US- and quasistatic tensile tests at the macroscale. The derivation of 
mathematical relationships between microstructure and mechanical performance of wood at the cell 
wall level is expected to enhance the current understanding of the microstructure of the cell wall 
material 
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